Abstract. -In this paper we investigate the variation of the coherent static structure factor S(q) with momentum transfer q for a solution of charged macromolecules at finite concentration with and without added salt. We consider in particular the cases of spherical and rodlike macromolecules. We introduce an effective potential model to account for the Coulomb repulsion between macromolecular ions and thence, we are able to interpret the peak observed experimentally in S(q) using a simple correlation hole argument.
1. Introduction. - where k T is the temperature in units of Boltzmann's constant k, and the function .p(R) is introduced to express the macromolecular ion concentration dependence of g(R)..p(R) has been determined by solving the Born-Green-Yvon-Kirkwood (BGYK) hierarchy equations. In the low concentration limit g/(R) tends to vanish and we obtain : (*) Present Address : Universite de Tlemcen, Departement de Physique, B.P. 119, Tlemcen, Algerie.
where U (R ) is the potential of mean force between a pair of spherical macromolecular ions. The latter was approximated by the well known VerweyOverbeek type of potential [2] i.e. :
where A is a constant related to the potential of the diffuse electric double layer surrounding each macromolecular ion. D is the diameter of the macromolecule and K -1, the Debye-Hiickel screening length. If the macromolecular concentration is progressively increased, the pair distribution function g(R) deviates from the simple form in equation (2) and shows an oscillatory behaviour which reflects an ordering of particles, typical of a liquid or even a crystal like structure.
Very recently, Hayter and Penfold [3] have reexamined the calculation of g(R ) for a solution of sphe-rical macromolecular ions at a relatively high concentration using the potential of mean force in (3) [3] [4] [5] [6] . Furthermore, in X-rays and neutrons scattering experiments, the inverse momentum transfer q-l may be comparable with the size of the macromolecular ions. In these events, the scattering signal will reflect not only the effect of interparticle correlations but also the effect of internal structure of the macromolecular ions. These combined effects may give rise to a peak in the form of the scattering signal [3, 7, 8, 9] which is different from the oscillations observed in g(R ) or equivalently in its Fourier transform. In view of the fact that this behaviour may sometimes lead to misinterpretation [10, 11] , we believe it is worthwhile to emphasize once more the point that the maximum observed in many experiments [3, [7] [8] [9] [10] [11] may be interpreted using the idea of correlation hole effect. The latter was introduced by de Gennes [12] and Benoit [13] to explain a similar behaviour of the scattering signal observed with neutrons on partially deuterated polymers in solutions and in melts. This observation has already been made by Hayter et al. [7] and Hayter and Penfold [3] .
The purpose of this paper is to introduce simple models to illustrate the above points in a simple way and without relying on heavy mathematical and numerical calculations. In particular, we introduce an effective potential model by assigning an effective size to the charged macromolecules, which is higher than the real geometric size to illustrate the hole of correlation produced by the Coulombic repulsion between the ions. This approximation has been originally introduced by Doty and Steiner [14] (6)), and as given by equations (2) and (3) (full line). distribution function g(R ) represented by the dotted line in figure 1 .
The static structure factor for spherical macromolecules of diameter D is well known [14, 15] (10b) is the total charge carried by the macromolecule and 80 the dielectric constant of the solution. Therefore, by applying these considerations to equation (4) , with some trivial integrations and rearrangements, we arrive at the following result, which is expressed conveniently in terms of dimensionless parameters : Figure 5 shows again the dramatic effect of interactions in the lower range of q even for weakly charged macromolecules. For higher values of q (i.e. qD &#x3E; 3) we recapture the form factor of a single spherical particle i.e. Ss(qD/2). Clearly, the maxima shown in these plots are not reminiscent of an order in the particle distribution [10, 11] . They are simply due to the correlation hole produced by the strong repulsive interaction both from hard sphere and electrostatic potentials. By adding salt to the solution one enhances the effect of screening between charged particles and S becomes greater than 1. To investigate this effect on the shape of the scattering signal, we have plotted in figure 6 , S(x) as a function of x for several values of S ranging from 1 to 2 and choosing Cv = 10-3. We observe that, as the salt concentration increases, electrostatic interaction is progressively screened and may eventually disappear if Cs is high enough. These observations are consistent with the results of Hayter and Penfold [3] and with various other small angle neutron scattering experiments on polyelectrolyte solutions [7, 8, 9] . Without seeking a detailed expression (1) as given by equation (7) (EHS) for r = 3.6 and (2) as given by equation (11) for S = 1.586 and y = 0.316, (3) C, = 0 or Ss(x/2). The parameters r, S, and y were chosen to give the same S(q = 0) in both models. This figure shows that the two models yield qualitatively similar curves for S(q).
of Deff in terms of S and y, one may compare the curves of S(x), for the two models by adjusting, for example, S(q = 0), or equivalently, the second virial coefficients to be the same in these two models. This is done in figure 7 by choosing the parameter as follows : C,=10-', r=3. Np is the number of rods in the volume V occupied by the solution. We must, however, emphasize the fact that the results in both equations (16) and (18) are only approximate in the sense that (16) concentration, charge and added salt effects, whereas for spherical macromolecules, we had to consider these effects separately (see Eqs. (7) and (11)). In figure 8 we have plotted S(q) as a function of qL for several values of the parameter 2 A2 Me. In the high q region, all the curves tend to join the single rod form factor but in the lower q region, S(q) is strongly affected as the quantity 2 A2 Mc increases from 0 to its maximum value 1. The important factors involved in this quan- [19] or wormlike chain model [20] 
